Abstract-A procedure was developed for labeling tannic acid with 99m Tc. The following conditions are required to achieve 95.5% yield of 99m Tc-tannic acid: 150 μg of SnCl 2 ·2H 2 O, 50 μg of the substrate, 30 min, pH 7.
The use of radioisotopes and radiation is indispensable in life science, especially in pharmaceutical sciences. In vitro and in vivo diagnostic researches in nuclear medicine use radioisotopes and radiopharmaceuticals. Many tracers like 99m Tc, 181 Re, 131 I, etc., are used [1] [2] [3] , and many compounds like MAG3, MDP, DTPA, etc., are labeled with these radioisotopes [4] [5] [6] . Many items should be taken into consideration for radioimaging, for example, radiopharmaceuticals for kidneys must focus on achieving high target selectivity and binding affinity, stability and slow metabolism in vivo, minimal nonspecific accumulation, and urinary excretion [7] .
Peptic ulcer is defined as mucosal corrosions equal to or greater than 0.5 cm in size in the area of the gastrointestinal tract that is usually acidic. Therefore, ulcers are extremely painful. Ulcers can also be caused or worsened by drugs such as aspirin and other nonsteroidal anti-inflammatories (NSAIDs) [8] . Contrary to general belief, more peptic ulcers arise in the duodenum (first part of the small intestine, just after the stomach) than in the stomach. About 4% of stomach ulcers are caused by a malignant tumor, so multiple biopsies are needed to exclude cancer [9, 10] .
A major causative factor of gastric and duodenal ulcers is chronic inflammation due to Helicobacter pylori that colonizes the antral mucosa. So, ulcer can be diagnosed by direct culture from an esophagogastroduodenoscopy (EGD) biopsy specimen; this is difficult to do and can be expensive. Most laboratories are not equipped to perform H. pylori cultures. The other methods are direct detection of urease activity in a biopsy specimen by rapid urease test; measurement of antibody levels in blood (does not require EGD; it is, however, somewhat controversial whether a positive antibody test without EGD is enough to warrant eradication therapy); stool antigen test; and histological examination and staining of EGD biopsy [11, 12] .
Tannic acid (a commercial form of tannin) is a polyphenolic compound. Its weak acidity (pK a about 10) is due to phenol groups in the structure. Its structure is based mainly on glucose esters of gallic acid. It is a yellow to light brown amorphous powder highly soluble in water [13] Tannic acid is a mucilage material that can cover the wall of the stomach. For this reason, this study was conducted to label tannic acid with 99m Tc, to examine the factors that affect the labeling yield, and to evaluate the labeled compound with chromatographic methods. Also, the biodistribution of orally or intravenously introduced 99m Tc-tannic acid in normal or stomach ulcer diseased mice was investigated. 
RESULTS AND DISCUSSION
Stannous chloride was purchased from Sigma (USA). All the other chemicals were of analytical grade (AR) and were obtained from reputed manufacturers.
Animals.
Female Swiss Albino mice weighing 20-25 g were purchased from the Institute of Eye Research, Cairo, Egypt. The animals were kept at constant environmental and nutritional conditions throughout the experimental period and kept at room temperature (22 ± 2°C) with a 12 h on/off light schedule. Animals were kept with free access to food and water throughout the experiment.
Labeling and analysis of product.
99m
Tc-tannic acid was prepared by the following procedure [14] . Tannic acid (1 mg) was dissolved in 1 mL of purged distilled water with stirring. Stannous chloride and approximately 200-400 MBq of 99m Tc were added to tannic acid solution in evacuated vial with a Hamilton syringe at room temperature. After a specified interval of time, chromatographic analysis was performed using ascending paper chromatography [15] . With acetone as mobile phase, free pertechnetate moved with the solvent front, whereas the complex and reduced colloids remained near the point of spotting. With 2 N HCl as mobile phase, reduced colloids persisted near the point of spotting, whereas the complex and free pertechnetate moved toward the front of the chromatogram. The yield was determined by subtracting the percentage of free pertechnetate and reduced colloid from 100%.
Factors affecting the labeling yield. The effect of the following factors on the labeling yield was determined: SnCl 2 ·2H 2 O amount, substrate amount, pH of the reaction medium, and reaction time. The optimum value of each factor was determined by the trial-anderror method, with all the other factors kept constant, until the optimum conditions were found [16] .
In vitro stability. This experiment was conducted to determine the stability of 99m Tc-tannic acid after labeling. The relative content of the complex was measured at different time intervals (1, 2, 6, 12, and 24 h) after labeling [17] .
Induction of ulcer in the stomach of mice. There are many methods for induction of ulcer in laboratory animals. For mice, the simplest one is the oral administration of ethanol in an amount of 1 mL per mouse. After 1-2 h, the stomach showed distension, and symptoms of ulcer appeared [18] .
In vivo biodistribution was studied using three groups of normal mice (six mice each) and two groups of mice with ulcer (18 mice each), each of which was subdivided into three subgroups of six mice each. Each normal animal and each ulcer-bearing animal of the first 18-mouse group were injected in the tail vein with 0.2 mL of a solution containing 200-400 kBq of freshly prepared Tctannic acid was introduced using an oral tube. The mice were kept in metabolic cages for the required time. The mice were sacrificed by cervical dislocation at the recommended time (15 min, 1 h, or 2 h) after injection. Organs or tissues of interest were removed, washed with saline, weighed, and counted. Correction was made for background radiation and physical decay during the experiment. The weights of blood, bones, and muscles were assumed to be 7, 10, and 40% of the total body weight, respectively [19] . The counting tubes, including a standard equivalent to 1% of the injected dose, were assayed in a well-type NaI(TI) gamma counter, and the results were calculated as percentages of injected dose (ID) per gram tissue.
Statistical analysis.
The results are expressed as mean ± SEM for the indicated number of different experiments [20] . The statistical significance of the differences was assessed by unpaired Student's t-test at P < 0.05. Tc-tannic acid was attained (Fig. 1) Tc-tannic acid in the presence of SnCl 2 ·2H 2 O is shown in Fig. 2 . The increase in the amount of tannic acid was accompanied by a significant increase in the labeling yield, which reached more than 95% at 50 μg of tannic acid. An increase in the amount of tannic acid above 50 μg does not affect the labeling yield. Increase in the amount of the starting material usually leads to an increase in the total incorporation of 99m Tc, because there is a minimum limit of the volume used [22] .
pH. In order to find the pH value ensuring the maximum labeling yield, labeling of tannic acid with 99m Tc was carried out at pH ranging from 2 to 12. The test was performed using 50 μg of tannic acid, 150 μg of SnCl 2 ·2H 2 O, 100 μL of appropriate buffer, and the reaction time of 30 min. As shown in Fig. 3 pH 7 (0.5 M phosphate buffer) is optimal, ensuring the highest yield (95.5%). At pH 2 or 4, the yield was only slightly lower (95%), whereas at pH 9 and 12 the yield was as low as 57 and 50%, respectively.. Reaction time. Figure 4 shows the relationship between the reaction time and the yield of 99m Tc-tannic acid. The labeling yield increased significantly, from 35 to 95.5%, with an increase in the reaction time from 1 to 30 min. Longer reaction did not lead to higher yield. The efficiency of the reducing agent may be affected by time, which may lead to a decrease in the yield [23] .
In vitro stability of 99m Tc-tannic acid. As shown in Table 1 , the relative content of 99m Tc-tannic acid did not vary significantly during a period of 24 h and decreased only slightly: from 95.5 to 94.5%.
Biodistribution of 99m Tc-tannic acid. Normal mice. Biodistribution study of 99m Tc-tannic acid in normal mice showed that 99m Tc-tannic acid was distributed rapidly in blood, liver, lungs, and intestine (15 min post injection). After 1 h, the 99m Tc-tannic acid uptake significantly decreased in blood, heart, liver, and intestine, but significantly increased in stomach. At 2 h post injection, the majority of tissues showed significant decrease in 99m Tc-tannic acid uptake ( Table 2) . Ulcer-bearing mice, intravenous route. At 15 min post injection, the sites of the greatest uptake of 99m Tctannic acid were blood and stomach (18 and 14.2% ID/g, respectively), whereas in muscles, heart and spleen the 99m Tc-tannic acid concentration was the lowest (Table 2) . At 1 h post injection, the uptake in kidneys and muscles appreciably increased, whereas in blood, heart, spleen, and lungs it decreased. At 2 h post injection, the majority of organs showed significant decrease in the uptake of 99m Tc-tannic acid.
Ulcer-bearing mice, oral administration. At 15 min post administration, the highest uptake of 99m Tc-tannic acid was observed in blood, liver, and stomach (8.5, 3.5, and 18% ID/g, respectively), and the lowest uptake, in heart, spleen, lungs, and kidneys ( Table 2 ). The uptake of 99m Tc-tannic acid in stomach significantly increased at 1 h post injection, reaching 50% ID/g, but then, at 2 h post injection, it decreased to 20% ID/g. The high uptake of 99m Tc-tannic acid in the stomach facilitates imaging of the stomach ulcer.
Thus, experiments on mice showed that the 99m Tctannic acid complex is promising for stomach ulcer imaging at oral administration. 
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